Structure of intertidal and subtidal benthic macrofauna in the northeastern region of Todos os Santos Bay (TSB), northeast Brazil, was investigated during a period of two years. Relationships with environmental parameters were studied through uni-and multivariate statistical analyses, and the main distributional patterns shown to be especially related to sediment type and content of organic fractions (Carbon, Nitrogen, Phosphorus), on both temporal and spatial scales. Polychaete annelids accounted for more than 70% of the total fauna and showed low densities, species richness and diversity, except for the area situated on the reef banks. These banks constitute a peculiar environment in relation to the rest of the region by having coarse sediments poor in organic matter and rich in biodetritic carbonates besides an abundant and diverse fauna. The intertidal region and the shallower area nearer to the oil refinery RLAM, with sediments composed mainly of fine sand, seem to constitute an unstable system with few highly dominant species, such as Armandia polyophthalma and Laeonereis acuta. In the other regions of TSB, where muddy bottoms predominated, densities and diversity were low, especially in the stations near the refinery. Here the lowest values of the biological indicators occurred together with the highest organic compound content. In addition, the nearest sites (stations 4 and 7) were sometimes azoic. The adjacent Caboto, considered as a control area at first, presented low density but intermediate values of species diversity, which indicates a less disturbed environment in relation to the pelitic infralittoral in front of the refinery. The results of the ordination analyses evidenced five homogeneous groups of stations (intertidal; reef banks; pelitic infralittoral; mixed sediments; Caboto) with different specific patterns, a fact which seems to be mainly related to granulometry and chemical sediment characteristics.
INTRODUCTION
The availability of monitoring methodologies capable of indicating an ecosystem´s ecological "status" and the consequences of natural factors as well as those related to anthropogenic activity, are essential for the development of the adequate management of natural resources. This is the only way to implement practicable conservation strategies. Methods for ecosystem monitoring may be divided into physical, chemical (including biochemical and molecular) and biological. Biological monitoring uses organisms to evaluate or indicate the degree of ecological degradation of the environment or the ecosystem´s environmental health using a minimum of field equipment. Once established and standardized, bio-monitoring tends to be efficient and economical, serving as a good method of prevention or surveillance (DAUER, 1993; BUSTOS-BAEZ; FRID, 2003) . Coastal benthic habitats especially are among the most productive of the marine environment and also the most affected by the anthropogenic activities resulting from industrial development. Several studies have shown the importance of benthic macrofaunal communities for the description of impacted areas (PEARSON; ROSENBERG, 1978; MIRZA; GRAY, 1981; BOGDANOS, 1987; PIRES-VANIN, 2005) , while several other authors have collaborated in the identification of these organisms as environmental quality indicators (AMARAL et al., 1998; MÉNDEZ et al., 1998; PIRES, 1999) . One of the main problems with environmental quality assessments is the natural variability of the biota. This variability, whether a result of environmental pressure or inherent to the organisms´ biology, can very often be mistaken for the effect of stressful factors resulting from human activity (ELLIOTT; QUINTINO, 2007) . As a consequence, those studies demand a correct sampling design, generally well replicated in time and space and, whenever possible, with a parallel study involving multiple control sites.
So far, few works have been carried out on the benthic communities of unconsolidated bottoms of Todos os Santos Bay (TSB), in spite of its geographic extension and the presence of an oil refinery. The studies of Souza et al. (1978) and Silva et al. (1981) , reporting the presence of heavy metals in the sediments and in bivalves of some regions of the TSB, stand out. Tavarez et al. (1988) and Porte et al. (1990) used the bivalve Anomalocardia brasiliana to monitor hydrocarbons, PCBs and DDTs at several points of the TSB intertidal zone. More recently, Peso-Aguiar et al. (2000) studied the effect of petroleum on the benthic communities of that same region, concluding that the activities of oil refining carried out in the region were the main sources of stress to the intertidal aquatic fauna. Barroso et al. (2002) , who studied the trophic structure of polychaetes, and more recently Venturini and Tommasi (2004) , that investigated the distribution of macrofauna on unconsolidated bottoms of the northeastern portion of TSB, reached the same conclusion. They argued that besides the sedimentary and oceanographic structure the anthropogenic impact exerted an important influence on the benthic macrofaunal distribution.
Analyses of aquatic bottom sediments reflect water column dynamics and the input of continental matter and may tell about the degree of the benthicpelagic coupling. The intrinsic relationship between grain size and sedimentary organic matter content is well known, as is their relation with organic and inorganic contaminants. So, the geochemical composition of sediments may reflect the processes occurring in the area and contribute to a better system for the evaluation of monitoring procedures. Among the organic matter´s main constituents carbon, nitrogen and phosphorus are frequently analyzed for addressing eutrophication processes, but can also indicate the origin of the organic matter, whether continental or marine. Variations in elemental C:N:P ratios with depth are interpreted as resulting predominantly from changing proportions of terrestrially derived vs. marine-derived organic matter (RUTTENBERG; GOÑI, 1997) .
The present work aims to characterize, both qualitatively and quantitatively, the macrobenthic community of the subtidal and intertidal zones in the TSB area under influence of the Landulpho Alves Refinery-Mataripe (RLAM); monitor the spatial and temporal (seasonal scale) variations in distribution and structure during two consecutive years and compare them with those of the adjacent area of Caboto embayment. It also seeks to discover patterns in the ecological structure of the macrofaunal assemblages, relating them to granulometry and sediment chemical variables (total organic Carbon, total Nitrogen and Phosphorus). The present study is part of the "Program of estuarine ecosystem environmental monitoring in the Landulpho Alves-Mataripe Refinery area" (PROMARLAM) undertaken under the auspices of the IOUSP/PETROBRAS-CENPES partnership. Fig. 1) , at 35 sampling stations over two years. Six stations (identified as B stations) were placed in the intertidal zone, an area under direct RLAM influence, 3 of them on the intertidal sand banks closest to the plant and mouth of Mataripe River, and 3 others -the control banks (Bc), in the western part of the area. Twenty stations were placed in the subtidal zone, at depths between 1.5 and 9.0 m, on the shelf around the plant and in the second year 5 extra points were added to the eastern transect at increasing depths (9.0 to 17.5 m) in order to investigate the effect of the increase in distance from the source of contamination. Further, 4 other stations were placed in the adjacent Caboto region, chosen as a control area for the subtidal stations due to their environmental similarity and to their greater distance from the refinery (Fig. 1) .
MATERIAL AND METHODS
Benthic organisms were collected on board two boats hired in the area, the schooner Dona Laura and the boat Ract Mar, the latter being capable of collecting at the shallower stations and at low tide. A van Veen grab of 0.05 m 2 of sampling area was used to collect triplicate samples at each station. PVC 15-cm diameter cylinders, introduced down to a depth of 20 cm, were used in the intertidal zone. The samples were washed in the field over a 0.5 mm-mesh sieve. The material retained on the sieve was fixed with 4% buffered formaldehyde. At the laboratory, after being transferred to a 70% ethanol solution, they were sorted under a stereo microscope, for counting and identification of groups to the smallest possible taxonomical level.
The methodology used to obtain granulometric fractions followed the standard drysieve and pipette method (SUGUIO, 1973) and the parameter calculations of Folk and Ward (1957) . The quantity of carbonates was measured by acid dissolution (GROSS, 1971) . The methods for Total Organic Carbon (C), Total Nitrogen (N) and Organic Phosphorus (P) quantification are described, respectively, in Gross (1971) , Grasshoff et al. (1983) and Aspila (1976) .
An ordination technique ("non-metric multidimensional scaling", NMDS) (KRUSKAL; WISH, 1978) was applied to group stations in terms of species. Data were log (x+1) transformed and the dBray-Curtis similarity coefficient was calculated. Since the biological pattern observed basically corresponded well with the sedimentological pattern, the study area was divided into 4 station groups derived from the ordination analysis obtained for the granulometric data, plus a fifth group, of the Caboto stations. After identifying and checking station groups in terms of species, a similarity percentage analysis (SIMPER) (CLARKE; WARWICK, 1994) was used to identify which species contributed to the formation of each group. The abundance and number of species were used to estimate the following community descriptors: species richness (S; species number/0.05 m 2 ); density (N; number of individuals/0.05 m 2 ); Pielou evenness (J´); Shannon-Wiener diversity index (H´log e ); relative abundance, and crustacean-polychaete ratio (Crus/Poly) (STARK, 1998) .
The differences between the stations and groups obtained according to common granulometric characteristics, and in relation to the descriptors mentioned above, were evaluated by analysis of variance (ZAR, 1999) with α = 0.05.
To identify which environmental variables were most closely related to the faunal distribution patterns, the BIO-ENV (BIOtic-ENVironment) (CLARKE; AINSWORTH, 1993) analysis was performed using weighted Spearman's correlation test.
Brief Characterization of the Environment Todos os Santos Bay has an area of about 1233 km 2 , being the second largest bay in Brazil. The area is an example of urban-industrial occupation since it is populated by nearly 3 million people, houses 10 port terminals, the industrial center of Aratu and the petrochemical complex of Camaçari (HATJE; ANDRADE, 2009). The Landulpho Alves oil refinery is located in the northeastern area of the TSB, in the Mataripe area (RLAM), and the resultant effluents are discharged into the bay. Petroleum extraction, transportation and refining activities have been carried out in this area since 1950. An extensive mangrove swamp/forest borders the coast which it shares with estuaries, sand flats and with coral reef extensions to the northeast.
The estuarine system presents a semidiurnal tidal regime, with a lunar component estimated at 91 cm, decreasing in intensity towards the bottom. The currents at the surface are constrained by tides and flow from N to S most of the time, with maximum intensities of 0.22 m/s in winter (rainy season) and 0.73 m/s in summer (dry season). Near the bottom the maximum value in the winter reached 0.17 m/s. The water column presented a weak stratification during both periods of sampling, with maximum values of temperature and salinity ranging from 25 to 26.5 o C and 31 to 33 in July/August (rainy season) and 28.7 to 30.6 o C and 35.9 to 36.2 in December (dry season) (SILVEIRA; MIRANDA, 2005; LESSA et al., 2009) .
The infralittoral region is shallow, with depths not exceeding 14 m. In the RLAM area sand predominates along the coast whereas muddy sites are more frequent in the centre of the area. In the centralwest part lie sandy sediments originating mainly from the erosion of carbonated reefs and in the east, in the Caboto Bay, siltic sediments predominate, except at station Cab 1, which presents a sandy bottom (FURTADO, 2005) . The fine sediment areas deserve attention since they are places that favor the retention of chemical elements.
RESULTS
A total of 11,442 individuals were collected. They corresponded to 8 phyla: Nemertinea, Annelida (predominance of Polychaeta), Sipuncula, Echiura, Arthropoda (predominance of Crustacea), Mollusca, Echinodermata and Chordata. Of this total, 5,886 individuals were recorded in the first year, and 5,556 in the second. A total of 181 species were identified, nearly 60% of them belonging to Polychaeta.
The polychaete stood out due to their numerical abundance and frequency of occurrence, and together accounted for 4,163 individuals (70%) in the first year and 3,167 (57%) in the second. The pattern observed in the two-year study was of a great abundance of Armandia polyophthalma (Opheliidae), characterizing the group of intertidal stations and also the subtidal stations 1, 2 and 3 during the winter.
Crustacea was the second most numerous group, although with a much smaller contribution than Polychaeta. In the first year, Crustacea varied from 18% (Jul/2003) to 10% (Dec/2003) of the whole macrofauna, and the most common species in both periods were the amphipod Psammogammarus sp., and the tanaidacean Bunakenia sudvestatlantica, especially in December. In the second year, the crustacean relative contribution reached 32% in Aug/2004, due to the great abundance of Leptocheliidae sp.1 (Tanaidacea), and in Jan/2005 amounted to 20%, especially due to Psammogammarus sp. and the isopod Neohyssura sp.
Mollusca were represented by bivalves. The relative contribution of the group ranged from 7 to 10 % in the first study year, in July and December. The dominant species in both periods were Nucula semiornata and Tagelus divisus. Anomalocardia brasiliana was abundant in winter (Jul/2003) and Macoma constricta in the summer (Dec/2003) . In the second year Mollusca ranged from 10 to 14%, also being dominated by the same species as in the first year.
Structure of the Communities
In the results of the NMDS analyses from winter (July 2003 and August 2004) and summer (December 2003 and January 2005) , basically the same 5 station groups (Group I to V) were distinguished (Fig. 2) . The diagrams presented here for both periods were drawn up on the mean percentages for the two winters and two summers. Density values correspond to the mean value of 3 replicates of each station. The "stress" value is given for the two-dimensional configuration for the log (x + 1) transformed data, using Bray-Curtis similarity. Station groups are identified by Roman numerals.
Group I: consisted of stations 1, 2, 3 and stations from the intertidal zone (B and Bc). In general, densities were higher in winter 2003 (July) and in summer 2005 (January). Armandia polyophthalma dominated in the first period, whereas Laeonereis acuta was the most abundant species in the second one. Figure 3 shows the density patterns during the four sampling surveys.
Comparing the intertidal region (B stations) with the control region (Bc stations) in terms of total individual density, bifactorial analysis of variance revealed both spatial and temporal differences between the two areas, and there was also an interaction between 'space' (B and Bc) and 'time' (variation among the 4 surveys) ( Table 1) .
With regard to species richness (S), Figure 4 shows that the 2003 winter survey presented a large number of species at the control stations, where station Bc2 displayed the highest number of species with an average of 11. In the second year, in general, higher values were also detected at the control stations, with station Bc1 standing out with 9 species. In both summers average richness never exceeded 6 species. Analysis of variance showed significant differences between the two regions (B and Bc), but not between samplings (Table 1) . The examination of the Crustacea/Polychaeta ratio indicates a greater dominance of crustaceans, especially cumaceans (Picrocuma and Cyclaspis) in the control region (Table 2) . Maximum values were found at Bc1 (5.0 in Dec/03) and Bc2 (8.0 in Aug/04).
The results of the SIMPER analysis performed on abundance data to determine the most important species within each intertidal station group, showed different patterns for both group B and Bc, and for the seasons studied (winter and summer). Station group B (average similarity 48%) showed that in both winter surveys the most important species were A. polyophthalma, Picrocuma sp.1 and L. acuta, contributing 78%, 11% and 4% to intra-group similarity, respectively. Station group Bc contributed with a larger number of species, Picrocuma sp.1 (24%), Nemertea (21%), Armandia polyophthalma (20%) and Cyclaspis sp.1 (17%). In the summer surveys L. acuta dominated in both group B and Bc. In group B this species was extremely dominant (97%), while at the control stations dominance (36%) was shared with more species: Anomalocardia brasiliana (21%), Nemertinea (16%), Capitella capitata (9%) and Sigambra grubii (6%).
The biological variables showed no significant differences among the three stations of the group of stations 1, 2 and 3 of the subtidal/RLAM, when considered the sampling period (Table 3) . In temporal terms, analysis of variance revealed that only the July/03 survey presented significantly higher densities than the other periods. The dominant species at those stations was the above-mentioned A. polyophthalma, followed by Goniada littorea and A. brasiliana, species also characteristic of the intertidal station group. Lower values of diversity and evenness were recorded in the winter campaigns (2003 and 2004) , mainly due to greater dominance of A. polyophthalma. The other species that co-occurred in this region showed neither spatial nor temporal variation.
Group II: comprised stations 6, 12 and 14 of the subtidal RLAM area and was composed mainly of medium and coarse sand, with an important calcium carbonate component. Total density varied over the four surveys but also among stations. The highest average value was recorded in the first summer (December 2003 (Fig. 3) . In none of the four surveys were significant differences among these three stations detected, because of the high standard deviations (Table 4 ). 
Richness -Winter 2004
Sao Paulo River
Mataripe River
Caipe River Overall, species richness was variable but also high (Fig. 4) . The highest value was observed in August 2004 at station 14, with 44 species and a mean species richness of 33 species. The lowest value was recorded at station 12 in July and December 2003, with 8 species each one. The mean values were more homogeneous and smaller in the first year of study. The ANOVA showed significant differences among stations only for the January 2005 survey, a period in which station 6 presented lower species richness than station 12, and the latter larger values than station 14 (Table 4 ). Considering our time scale, the richness values in the second year were higher than those of the first year, but no significant differences were detected between them.
RLAM
This group of stations presented the highest diversity values for the whole area (Fig. 5) . In-group and among sampling period comparisons revealed no significant differences except for January 2005 (Table  4) , when station 6 presented lower values than the other two. On a temporal scale, diversity was smaller in both periods of the first year than in the second. Evenness was high and homogeneous, both spatially and temporally (Table 2) , reflecting a relatively uniform organism distribution among the species, and indicating the lack of marked specific dominance.
The best-represented species were the polychaetes Nematonereis schmardae, Magelona papillicornis, Typosyllis sp.1, the isopod Quantanthura menziesi and the bivalves Corbula caribaea and Macoma constricta. In both the winters the polychaete Goniada littorea stood out.
In relation to the Crus/Poly ratio, station 12 presented the highest values, due to the isopod and amphipod contribution (Table 2) .
Group III: consisted of stations 4, 7, 9, 10, 11, 13, 15-19 and 21-25 of the subtidal RLAM region and corresponded mainly to the central and eastern regions of the Todos os Santos Bay study area. It was characterized by the almost absolute predominance of pelitic sediments (91 to 99.8% of silt and clay) (FURTADO, 2005) This was the group with the lowest overall density figures (Fig. 3) . Station 4, located nearer the effluent discharge of the refinery, always presented extremely low densities, with several azoic replicates in three out of four samplings. The exception was the December 2003 survey, when Capitella capitata was present with 10 individuals/0.05 m 2 . Another area with low density was represented by station 11 and, as with station 4 in December 2003, a low density increase took place due to the presence of another opportunistic capitellid, Mediomastus capensis. The five new stations added in the second year of monitoring (21 to 25) also presented low densities, ranging from 1 to 23 individuals (Fig. 3) .
Diversity reached the lowest values in Group III, especially at stations 4, 7 and 9-11, where they varied between 0.0 and 0.5 (Fig. 5) . In the central transect diversity seems to grow with the distance from the refinery, as shown in figure 5 , reaching its maximum value at station 25 (1.72). No clear seasonal variation was observed for richness (F = 2.21; p = 0.12) or diversity (F = 1.28; p = 0.09) among the four surveys.
Evenness was more variable in the first year of study than in the second (Table 2) Group III presented a strong numerical predominance of polychaetes, except for stations 19 and 21 to 24, where the crustacean contribution was almost always higher (Table 2) .
Group IV: is represented by stations of the second transect parallel to the coast positioned in the subtidal RLAM area (stations 5 and 8) and at the mouth of the São Paulo River (station 20). The group was characterized by sandy-muddy sediments with variable concentrations of biodetritic carbonate. The most abundant species in all four surveys was Sternaspis sp.1, a subsurface deposit-feeder. This species, together with Cirratullidae type 1 and Cirrophorus branchiatus, contributed over 90% to average intragroup similarity.
The density pattern was variable and station 8 usually presented the lowest values. At station 20, densities were higher in the first year than in the second, while at station 5 the inverse trend was registered (Fig. 3) . High values were related to the abundance of the dominant species Sternaspis sp.1
The highest mean species richness was observed at station 5 in January 2005, and the lowest at station 8, in the same survey (Fig. 4) . In the surveys of the first year, unlike those of the second, there were no significant differences among stations (F = 2.15; p = 0.19; F = 2.28; p = 0.18; Jul/03 and Dec/03 respectively). No significant differences were observed among the sampling periods (F = 1.38; p = 0.31).
Diversity showed significant differences only in July 2003 (station 5 with higher diversity than station 20; F = 5.45; p = 0.04) and in January 2005, when diversity at station 5 was higher than at the others (F = 22.89; p = 0.002). Considering the four surveys performed, no sharp changes were detected (F = 1.04; p = 0.39), except for the extremely low Jan/05 diversity value at station 8 (Fig 5) .
Evenness presented great variability in the first year (Table 2) , but in the second, no significant differences were detected among stations or surveys. In July 2003 station 5 presented an evenness index significantly higher than those of stations 8 and 20 (F = 11.14; p = 0.01). Temporal differences were observed only between those of July 2003 and December 2003, when the highest values were observed in the summer (F = 19.82; p = 0.002).
The Crus/Poly ratio at these stations was always lower than 0.15, indicating the extremely low crustacean contribution to the total fauna (Table 2) .
Group V: Caboto Region. The Caboto stations were dominated by fine sediment fractions, mostly silty, and characterized by the presence of the crustaceans Hexapanopeus schmitti (Brachyura), Globosolembos sp. (Amphipoda), and of the polychaetes Sternaspis sp1, Cirrophorus branchiatus, Dasybranchus glabrus and Notomastus lobatus. This group was distinguished by stable and relatively low densities, species richness and diversity but medium values of the Crustacean/Polychaete ratio. Caboto densities were generally low, except for Cab1 station, which presented average values over 60 indiv./0.05m 2 in the second study year (Fig 3) . The species that most contributed to this high value were Sternaspis sp 1. and C. branchiatus. Species richness varied between 3 and 13, and Cab1 stood out in the second study year, with an average of 10 species/0.05 m 2 (Fig. 4) . The Crus/Poly ratio mostly evidenced the small crustacean contribution, except for Cab1 and Cab 4 stations, where brachyuran and amphipod abundances elevated ratio values to a maximum of 6.77 and 7.50, respectively (Table 2 ).
Significant seasonal mean variation (F= 4.48; p = 0.001) was found when comparing diversity values between Group III (infralittoral RLAM stations) and Group V (Caboto stations), with lower values in Group III.
The BIO-ENV analysis, encompassing all the stations and environmental variables, revealed, for both the winter and summer samplings, that the percentage of fine sand, the sediment selection coefficient and the organic carbon concentration were the factors that best explained the observed biological patterns (ρ w = 0.49 and 0.54 for winters and summers, respectively). On the other hand, when considering only granulometry the BIO-ENV results showed that the best correlation was reached with coarse sand, fine sand and very fine sand (ρw = 0.38 for summer and ρw = 0.36 for the winter). Table 5 presents a summary of the main biological and environmental characteristics of the five groups of stations found in the northeastern area of Todos os Santos Bay. As observed, the C/N ratio varied between 7.9 (intertidal western stations) and 22.2 (pelitic stations) whereas organic carbon content was higher than 2.5% at stations 7, 9 and 11. Besides the differential granulometry and sedimentary organic content each group showed a distinct structure based also on biological indicators including species composition and dominance. 
DISCUSSION
Among the typical benthic macrofaunal organisms polychaetes were generally the most abundant and frequent at the majority of the stations. So the high dominance of some species found in the area studied is not surprising, given that several authors have reported a similar pattern for intertidal and subtidal zones, and for shallow and deep sea areas, both in temperate, subtropical and/or tropical zones (WILDE et al., 1989; PETTI; NONATO, 2000; PIRES-VANIN, 2005, among others) . It is important to notice the low crustacean contribution in relation to polychaetes found at several stations, mainly of the intertidal and sand bar areas (Group I). The Crustacean/Polychaete (Crus/Poly) ratio is frequently utilized as a quick method to assess possible changes in the ecosystem. Crustaceans appear to be more sensitive than polychaetes and become less abundant at altered or contaminated sites (GRALL; GLÈMAREC, 1997; STARK, 1998) , while polychaetes, more resistant and/or more opportunistic, are able to dominate under such conditions .
The results highlight some temporal variation in species dominance, especially at the intertidal stations. Also, the analyses of variance carried out with the biological community descriptors showed significant differences among the places sampled and also among the places sampled and season (summer and winter) but not between years, thus suggesting some temporal stability in the ecosystem dynamics. It has been proposed that this kind of variation may occur as a function of the species' biology itself, or of some sort of interaction among species (MENGE; SUTHERLAND, 1976; WALDBUSSER; MARINELLI, 2006) . But it is important to consider the biological data in their relationship with the environment, which is characterized by marked seasons caused by peculiar winter and summer conditions. During the two summers under observation the rainfall registered in the region was low and as a result the continental runoff was much reduced, thus increasing the stability of the water column (SILVEIRA; MIRANDA, 2005) . In the winter months, on the other hand, the higher rainfall volume and the passage of frontal systems contributed to the instability of the water column and to the greater stirring of the sea floor, providing conditions for nutrient recycling. As a consequence the quantity of the organic matter increases and its quantity is enhanced and this affects the organisms living in the sediments. The highest values of abundance (Group I) and species diversity (Group II and IV) were found in winter (rainy season), giving support to this hypothesis.
Carbonate sediments may cover a greater area than do hard substrata in coral reefs, as shown by Riddler (1988) for some middle shelf reefs on the central Great Barrier Reef, and constitute important deposits for organic detritus (HATCHER 1983) . Reef coralline bottoms occur in the northeastern part of Todos os Santo Bay, from south Maré Island to the east coast of Frades Island (HATJE; ANDRADE, 2009), and the stations which presented higher diversity and abundance values (Group II of stations) were placed on extensions of that area. High diversity is a good indicator of the degree of complexity of the ecosystem, and can indicate positive interactions among the species responsible for promoting stability and resistance to different forms of disturbance (LEVIN et al., 2001) . Also, according to Fresi et al. (1983) , diversity is greater in more heterogeneous sediments, given the greater microhabitat complexity associated with substrate characteristics.
On the other hand, stations of the central and eastern part of the study region are sites of low hydrodynamic energy, which favors greater deposition of fine sediment and accumulation of organic compounds (FURTADO, 2005) . The observed pattern of low density, diversity and species richness in the pelitic sediments of those areas, corroborated by correlation analysis, is to be expected since they tend to generate reducing conditions when highly enriched with organic matter. Consequently, with this shift the bottom becomes unsuitable for most benthic organisms (PEARSON; ROSENBERG, 1978) . It may even become azoic in highly disturbed environments (GRAY et al., 2002) .
Tropical and subtropical regions usually present high species richness and high diversity as compared to those of temperate regions (WARWICK; RUSWAHYUNI, 1987; ALONGI, 1990) . In the present study, richness was generally low at most stations and, together with the high dominance of only a few species, led to moderate diversity indices. In coastal regions containing oil refineries the impact is usually greater near the outlets of effluent discharges with a decrease towards distant sites (WAKE, 2005) . In the present study this pattern was most evident in relation to diversity, mainly when station group III, the most homogeneous in relation to granulometry and organic matter content, was considered. The introduction of compounds that cause alterations in a system may stimulate the increase of tolerant and/or opportunistic species and cause the disappearance of more sensitive ones, given the high toxicity of some compounds (JEWETT et al., 1999; VENTURINI; TOMMASI, 2004) . First-and second-order opportunists (PEARSON; ROSENBERG, 1978; BORJA et al., 2003; BIGOT et al., 2006) are able to colonize disturbed sediments in the absence of other competitors. Therefore, the presence of Capitella capitata, an opportunistic species (PEARSON; ROSENBERG, 1978) , at station 4 in the summer surveys, might be an indication of some type of disturbance taking place in that area. In fact, Nicolaidou et al. (1993) , studying the organic pollution of the sewer outfall in Saronikos Gulf in the vicinity of Athens, Greece, found a decline in the number of species and diversity and an increase in the density of opportunistic polychaete species such as Capitella capitata and Cirratulus cirratus.
The stations 7, 9, 10 and 11 could also be distinguished from the other pelitic sites of Group III by their extremely low density, diversity and organic carbon values above 2.5% (except at station 10). Because TOC concentrations are simply surrogates that can indicate potential problems in a system, gross changes in these concentrations are good indicators of potential threats (MÉNDEZ et al., 2008) . Although correlation with contaminants (hydrocarbons, metals and metalloids) is lacking and we cannot conclusively establish a cause-effect relationship, the present results suggest that the study area represents a poor quality environment, especially in the northeastern and central parts. Besides, the sediment selection coefficient and the organic carbon concentration only partially explained the observed biological patterns (ρ w = 0.49 and 0.54 for winter and summer, respectively). Similarly, this possibly harmful effect of an excess of organic compounds upon the benthic macrofauna may also be seen at the stations of the Caboto region. These sites were dominated by polychaetes, with a high capitellid contribution, and presented relatively low density, richness and diversity indices.
Early work designed for investigating the benthic macrofaunal distribution on unconsolidated bottoms of the northeastern portion of TSB (infralittoral area of the present project), ascertained that the structural differences in benthic associations were related not only to natural factors, such as type of sediment, but also to the human impact caused by petroleum hydrocarbons and derivatives (VENTURINI; TOMMASI, 2004) . The authors reported that the area near the oil refinery´s effluent discharge outlet was azoic and presented the largest concentration of petroleum-derived hydrocarbons. Also, the anthropogenic influence was more intense closer to the refinery plant and at the mouth of the São Paulo River, tending to decrease towards more distant localities. More recently, Venturini et al., (2008) obtained further results for the same region by analyzing hydrocarbon indices and concentration ratios together with the ecological descriptors of macrobenthic fauna. The authors showed that the area is subject to chronic oil pollution and highlighted the importance of the petroleum related variables (specific concentration ratios and indices of petroleum components), as the major structuring factors of the communities. Comparing the geochemical and biological data obtained by Venturini and Tommasi (2004) and Venturini et al. (2008) with the present findings, a clear similarity appears. So the existence of an important structural factor linked to the contamination acting on the community structure of the benthic macrofauna together with granulometry and organic content may be inferred.
The Caboto region was seen to be a well defined site in faunal terms due to the high average similarity obtained in both years. It should be noted, however, that in the second year of sampling Caboto1 presented much higher densities than the other stations, with a great amphipod and tanaidacean contribution. In spite of the general similarity of the sediment in Caboto, in the second year of study the proportion of gravel in relation to mud (silt plus clay) was more than twice as high as that at the Caboto1 station in the first year (FURTADO, 2005) . The 3 stations of group IV presented mean values for the biological indicators closely similar to those of Caboto, except for density which was higher in group IV. This finding suggests that heterogeneous granulometry may provide space enough to support a larger quantity of organisms (FRESI et al., 1983; ALONGI, 1990) . Further, they seem to enjoy more favorable environmental conditions than those provided by the other pelitic sites of the RLAM area. The abundance of organisms of different trophic guilds and life styles, such as the tubicolous melitoid amphipod Psammogammarus sp. and the anthurid isopod Neohyssura sp., the burrower crab Hexapanopeus schmitti, the motile deposit-feeder polychaetes (surface deposit-feeders and subsurface deposit-feeders) besides the suspensionfeeder clam Corbula caribaea, are indicative of higher ecosystem complexity (LEVIN et al., 2001 ). The suspension-feeders bring new particulate organic matter from the water column to the benthic system and bioturbators may bury it or bring it to the surface, thus intensifying the benthic-pelagic coupling (LEVIN et al., op. cit.) .
Attention should also be paid to the large number of rare species found in the study region, as previously reported by Barroso et al. (2002) and by Venturini and Tommasi (2004) . The importance of rare species in the interpretation of multivariate analyses is, to a certain degree, polemic LARSEN; THORNE, 2001) . Usually these species are removed from the analyses, since they account for a low percentage of variance and lead to high noise, misleading results, especially when running multivariate analyses (BOULTON et al., 1992; PIRES, 1992; PIRES, 2000) . This elimination is frequently arbitrary, lacking a clear biological and/or ecological explanation, with a possibly significant information loss. Some authors argue that the concept of rare species in aquatic communities is relative to the sample size (CAO et al., 1997; 1998) . They also alert to the possibility that their exclusion, whether explicit or implicit, may lead to misinterpretation in studies of impact assessment and/or ecology. In the present study the rare species were not excluded from the analyses, since on many occasions they did in fact explain the differentiation of station groups.
In conclusion, the results obtained in this present study make it clear that the biological characteristics of the macrofauna in the intertidal and infralittoral RLAM area do reflect the region's sedimentological pattern, and probably an environmental disturbance gradient as well. As regards the pelitic areas, Caboto was seen to be biologically more complex, but cannot be considered a control area by virtue of the low values of the biological indices obtained there.
